Objective: To determine whether patients with greater continuity of care (COC) have fewer preventable hospitalizations. Design: We conducted a cohort study using a stratified random sample of Korean National Health Insurance enrollees from 2002 to 2010. The COC index was calculated for each year postdiagnosis based on ambulatory care visits. We performed a recurrent event survival analysis via Cox proportional hazard regression analysis of preventable hospitalizations. Study participants: A total of 5163 patients newly diagnosed with type 2 diabetes mellitus in 2003-6 and receiving oral hypoglycemic medication. Main outcome measure: Preventable hospitalization. Results: Of 5163 eligible participants, 6.4% (n = 328) experienced a preventable hospitalization during the study period. The adjusted hazard ratio (HR) was 8.69 (95% CI, 2.62-28.83) for subjects with a COC score of 0.00-0.19, 7.03 (95% CI, 4.50-10.96) for those with a score of 0.20-0.39, 3.01 (95% CI, 2.06-4.40) for those with a score of 0.40-059, 4.42 (95% CI, 3.04-6.42) for those with a score of 0.60-0. 79 and 5.82 (95% CI,) for those with a score of 0.80-0.99. The difference in cumulative incidence of preventable hospitalizations in patients with COC scores of 0.00-0.19 relative to those with COC scores of 1.00 was the greatest, at 0.97% points. Conclusions: Greater COC was associated with fewer preventable hospitalizations in subjects with type 2 diabetes.
Introduction
Ambulatory care sensitive conditions (ACSCs), such as diabetes, hypertension, chronic heart failure, chronic obstructive pulmonary disease and asthma, are conditions that can be managed with timely and effective outpatient care, thus reducing the need for hospitalization [1] .
However, in 2011, the hospitalization rate for patients with uncontrolled diabetes in Korea was 127.6 per 100 000 people in the population, more than two times the Organization for Economic Cooperation and Development (OECD) average of 50.3 people per 100 000 people [2] . Upward of $925 million (US1 $ = 1000 Korean Won) was spent on diabetes in Korea in 2013, and 17.5% of this outlay was attributable to preventable hospitalizations [3] . In case of the other countries, according to previous randomized study, incidence of adverse events among home care patients was estimated as 13.2%, and one-third of adverse events were considered preventable [4] .
Previous studies have shown that fragmented visit patterns [5] [6] [7] difficulty in accessing ambulatory care and hospitals' quality of care are related to preventable hospitalization [8, 9] . In Korea, universal coverage provided by National Health Insurance has improved the accessibility of medical care [10] . Moreover, geographical access is generally easy due to the introduction of highspeed trains [11] . Since access to medial care is no longer considered to be a significant issue in Korea, preventable hospitalization seems be largely attributable to fragmented visit patterns. Changes in healthcare management, including a shift toward multidisciplinary group practices, can lead to fragmented visit patterns [12, 13] . In Korea, primary care physicians typically work in solo private practices and are reimbursed on a fee-for-service basis. In terms of outpatient services, clinics compete against other clinics, hospitals and some general hospitals. Given the context, this system enables patients to choose freely without regulation and lead to the high number of fragmented visits.
Continuity can be defined from various perspectives: informational continuity, management continuity and relational continuity, or an ongoing therapeutic relationship between a patient and one or more providers [14] . Relational continuity, in particular, can reinforce care in patients with chronic conditions, because a continuous provider is more likely to know when tests are needed and treatment changes are indicated [15] . Relational continuity refers to a special type of longitudinal continuity; the latter implies a pattern of visits but does not directly address the nature of the relationship between patient and provider [16] .
It is important to evaluate the consequences of fragmented care via empirical study. Many previous studies have shown that continuity of care (COC) is associated with a lower risk of complications [17] , improved preventive care [18] [19] [20] , increased patient satisfaction [21] and compliance [22, 23] , and decreased emergency and inpatient medical services and care costs [24] [25] [26] [27] . However, previous studies have often suffered from methodological limitations, including unrepresentative samples [21, 24, 28] , use of non-validated measures for COC and outcomes [20, 21] , temporal ambiguity in the relationship between COC and outcomes [21, 28] , a short follow-up period [7, 15, 24, [26] [27] [28] [29] and the omission of critical variables, such as health behaviors [7, 22, 23, 30] .
We aimed to determine the impact of COC on preventable hospitalizations in patients with newly diagnosed type 2 diabetes in Korea.
Methods

Data source
This study used the National Health Insurance Service-National Sample Cohort (NHIS-NSC) from 2002 to 2010, which is a population-based cohort established by the NHIS in South Korea [31] . The National Health Insurance Corporation collects cohort data representative of the country's population. These data are large-scale, extensive and stable, as they are collected from nationwide health insurance data generated by the government or public institutions. Particularly, this cohort can be used by policymakers to create higher value-added policies [32] . These data include~1 025 340 subjects' information, and subjects represent a stratified random sample selected according to age, sex, region, health insurance type, income quintiles and individual total medical costs based on 2002. The database includes information on reimbursement for each medical service, including basic patient information, an identifier for the clinic or hospital, a disease code, costs incurred, results of health screening, past/family health history, health behaviors and information related to death. We conducted a cohort study of newly diagnosed type 2 diabetes participants to investigate the association between COC and preventable hospitalization.
Study sample
Our study sample included only patients who met all of the following criteria: (i) 20 years old or older; (ii) new diagnosis of type 2 diabetes in 2003-6; (iii) prescription of oral diabetes medication; (iv) lifestyle information, past history and health screening results such as blood glucose level for the diagnosis year and/or previous years and (v) at least two visits to an ambulatory clinic due to type 2 diabetes within 1 year after the first claim of E11. We defined type 2 diabetes patients as those with an ICD-10 code (International Classification of Disease, 10th edition) of E11, and we confirmed that diagnoses were new by verifying a lack of type 2 diabetes claims. We confirmed that diagnoses were new by verifying a lack of type 2 diabetes claims in 2002-5, an initial E11 claim in 2003-6 and an absence of diabetes in the health history prior to the year of diagnosis. Throughout this process, we detected new diagnoses using a washing-out period and past history for diabetes. In other words, in cases of subjects who were diagnosed in 2003, their claim for E11 initially emerged in 2003 without past history for diabetes, and in cases of subjects who were diagnosed in 2004-6, we did not use past history for diabetes, only a washing-out period, which was from 2 to 4 years.
The total number of individuals with type 2 diabetes in the NHIS-NSC enrollee database who were at least 20 years old when newly diagnosed in 2002-10 was 99 747. Of these patients, 41 134 were newly diagnosed with type 2 diabetes in 2003-6. Of the 41 134 subjects initially selected, 35 971 were excluded: 25 135 did not have information on health screening results, past history or lifestyle information for the diagnosis year and/or previous years, four patients were less than 20 years old, 6257 visited an ambulatory clinic only once due to type 2 diabetes within 1 year after the first claim of E11 and 4575 were not prescribed diabetes medication. These exclusion criteria were necessary to determine the role of COC in preventable hospitalizations, independent of conventional lifestyle factors and baseline physical condition; our models adjusted for lab results and lifestyle data, including smoking, drinking, physical activity and body mass index. The final study sample included 5163 participants (Fig. 1) . We observed subjects for a minimum of 4 years and a maximum of 7 years. We defined medical usage due to type 2 diabetes as cases in which patients visited an outpatient clinic and received a primary diagnosis of E11 or were prescribed hypoglycemic agents. Ethical approval for this study was granted by the Institutional Review Board of the Graduate School of Public Health, Yonsei University. The requirement for informed consent was waived because the study was based on routinely collected administrative and claims data.
Preventable hospitalization
The dependent variable in this study was preventable hospitalizations. We used the definition and technical specifications from the Agency for Healthcare Research and Quality (AHRQ) Prevention Quality Indicators; these are also endorsed by the National Quality Forum to identify preventable hospitalizations [1] . We detected preventable hospitalization by using ICD-10 claim code. We defined preventable hospitalizations as hospitalizations due to short-term or long-term complications such as acidosis (ICD-10 code, E11.1), diabetic nephropathy (ICD-10 code, E11.2), diabetic retinopathy (ICD-10 code, E11.3), neuropathy (ICD-10 code, E11.4), diabetic peripheral angiopathy (ICD-10 code, E11.5), musculoskeletal and connective tissue complications (ICD-10 code, E11.6), multiple complications (ICD-10 code, E11.7), unspecified complications (ICD-10 code, E11.8) from diabetes mellitus or uncontrolled diabetes mellitus (ICD-10 code, E11.9). Preventable hospitalizations were confirmed based on the use of inpatient medical services for more than 1 day and the main diagnosis code as described previously.
Measuring continuity
We defined continuity as longitudinal continuity in this study. Thus, we calculated the COC index in subjects with four or more ambulatory care visits per year [33] . The COC index reflects the distribution of visits to different healthcare institutions and is influenced by both the total number of providers and the total number of visits.
The index ranges from 0 to 1; a higher value corresponds to better continuity and a COC score of 1 indicates that all visits were to the same provider. The index was only calculated for subjects with four or more visits, because the COC cannot be assessed well using three or fewer visits; in the latter case it is relatively easy to attain COC scores of 0 or 1 [34] . We measured continuity in 1-year windows starting from the diagnosis date and arbitrarily classified continuity levels into seven categories, for convenience of analysis: 0.0 ≤ COC < 0.2, 0.2 ≤ COC < 0.4, 0.4 ≤ COC < 0.6, 0.6 ≤ COC < 0.8, 0.8 ≤ COC < 1.0 and COC = 1.0 for subjects with four or more visits according to a previous study [30] and created another category for subjects with three or fewer visits, whose inclusion we felt necessary to avoid errors such as selection bias. Therefore, we classified patients into six categories according to the previous study and added one category, total visits ≤3. The formula for the COC index was as follows:
where N is the total number of ambulatory care visits, n j is the number of visits to the jth provider and M is the number of potentially available providers. In this study, 'potentially available providers' refer not to medical physicians but to healthcare institutions.
Covariates
Covariates considered included age (20-44, 45-64 or ≥65 years), sex, health insurance type (national health insurance or medical aid), income-level quintile, residential area (urban or rural), body mass index (≤17.9, 18.0-24.9, 25.0-29.9 or ≥30.0 kg/m 2 ), fasting blood glucose level, Charlson comorbidity index (CCI; 0, 1, 2 or ≥3), number of hypoglycemic agents (1, 2 or ≥3), diabetic complications (yes or no), smoking status (non-smoker, ex-smoker or current smoker), frequency of alcohol use (almost never, 2-3 times per month, 1-2 times per week or almost every day), physical activity per week (0, 1-2, 3-4 or ≥5 episodes), medication possession ratio (MPR; <0.8 or ≥0.8) and primary type of medical institution visited (general hospital, hospital, clinic, public healthcare center). Only the comorbidity component of the CCI was calculated [35] , and all diagnostic information was collected from inpatient and outpatient billing data. We calculated a CCI score using 1-year time window from diagnosis date of diabetes. The MPR compares the number of days' supply of prescriptions filled to the total number of days a person should have been taking that drug [36] . The MPR was calculated based on filled prescriptions for five oral hypoglycemic agent groups: (i) sulfonylureas, (ii) meglitinides, (iii) biguanides, (iv) thiazolidinediones and (v) α-glucosidases [37] . In the case of treatments involving multiple medications prescribed for a different number of days, calculations were based on the prescription that covered the most days within the study period. The days on which patients were prescribed hypoglycemic medications during a hospital stay were excluded from the denominator in the MPR calculation. Medication adherence was defined as an MPR ≥0.8, as done in previous studies [38, 39] . The primary type of medical institution visited was the healthcare institution visited most frequently by a patient for outpatient care; if the number of visits to multiple institutions was the same, the primary type of medical institution visited was the healthcare institution visited most recently.
Statistical analysis
To investigate factors associated with preventable hospitalizations, we performed recurrent events survival analysis using a Cox proportional hazard model in which COC was measured for each 1-year interval from the date of diagnosis. In our multivariable regression analysis, the event of interest was preventable hospitalization and participants were censored based on non-occurrence and death. Preventable hospitalizations could recur during the study period, and previous hospitalizations could influence recent hospitalizations, as previously hospitalized patients were more likely to be admitted. Thus, when we conducted recurrent events survival analysis, we used a conditional model that assumed it was not possible to be at risk for a subsequent event without having experienced the previous event. We used a strata variable to indicate the event number. In this model, the time interval of a subsequent event started at the end of the time interval for the previous event. This model was similar to a counting process model, the largest difference being that it used the strata variable to keep track [40] .
Finally, we analyzed the cumulative mean function estimate for recurrent events data using a Cox's proportional hazard model [41] . The log of cumulative hazard was proportional to follow-up time, and no violations of the proportional hazard assumption were detected. All statistical analyses were performed using SAS statistical software version 9.3 (SAS Institute).
Results
Baseline demographic characteristics of subjects are shown in Table 1 . Of 5163 eligible subjects, 6.4% experienced a preventable hospitalization during the study period; 93.7% (n = 4835) had none. A total of 72% of subjects were 50 years of age or older, 60% of subjects were male, 31.4% of patients were prescribed a monotherapy and 32.3% patients had a CCI of 0.
The association between COC and preventable hospitalization was evaluated using recurrent event survival analysis ( Table 2) . ≤17.9 0.98 (0.30-3.25) 0.57 (0.14-2.33) 18.0-24.9
1.00 1.00 25.0-29. Total number of days of medication supplied divided into fixed intervals of 365 days; used as proxy for medication adherence. diabetic complications; and who were prescribed three or more hypoglycemic agents, were frequent alcohol drinkers or did not adhere to their medication.
Using Cox's proportional hazard model, the difference in cumulative mean function estimates for preventable hospitalizations in patients with COC scores of 0.00-0.19 relative to those with scores of 1.00 was the greatest: 0.97% points (Fig. 2) .
Discussion
We examined the relationship between COC and preventable hospitalization in patients with newly diagnosed type 2 diabetes using nationwide cohort data. We found that higher COC was associated with lower risk of preventable hospitalization, even after controlling for potential confounders, including disease severity, patient complexity and lifestyle factors. A physician who attends the same patient regularly is likely to have better knowledge of the patient, to recognize problems earlier [42, 43] , and to provide higher quality of care [44] . Furthermore, patients who continuously visit the same physician are more likely to adopt better self-management behaviors [24, 44] and to display increased adherence to medication recommendations, probably because of greater trust [45, 46] and higher satisfaction with their physicians [46, 47] .
We created a separate COC group for subjects who made three or fewer ambulatory care visits per year, because the COC index may be unstable when used for a small number of visits. This group was slightly less likely to be hospitalized than the reference group, though the difference was not statistically significant. This finding seems to support the results of a previous study, in which a high number of annual ambulatory care visits were shown to be a risk factor for preventable hospitalization; this may partly reflect the fact that sicker patients need more care. Similarly, we found patients receiving care at general hospitals or hospitals were more likely to be hospitalized than those treated at clinics. Although we made an effort to adjust for patient complexity and disease severity using the number of hypoglycemic agents and the CCI, this finding appeared to reflect the fact that patients with more severe conditions tend to use higher-level hospitals in Korea.
Diabetes mellitus is designated an ACSC by the AHRQ. The benefits of COC may be magnified in patients with chronic disease, because patients with chronic disease are more likely than healthy people to use outpatient services. Thus, they may establish relationships with their physicians more quickly [48] . Most ACSCs are chronic diseases, suggesting that COC can reduce the risk of hospitalization for ACSCs in general.
This study has some limitations. The first is the accuracy of type 2 diabetes diagnosis. The accuracy of diagnosis in Korean National Health Insurance (KNHI) claims data is roughly 70% [42] . Although we reviewed all prescriptions and past medical history to increase the accuracy of diagnosis, it is possible that it still remained problematic and concerns about the validity of our study sample could be raised. Thus, to overcome this problem, we performed a sensitivity analysis of the total population, including patients without lifestyle information (Supplementary Table 1 ). Based on the results of this sensitivity analysis, the pattern of our results did not change compared to the results of our study sample. The second limitation is that we could not determine healthcare provider quality using metrics such as institutional accreditation or physician specialty. Therefore, more investigation is needed to determine whether living in poorer areas or near lower-quality hospitals or less access to ambulatory care services were defining characteristics of patients with low or high COC. Third, the observational nature of our study leaves room for residual confounding and other potential sources of bias. Finally, our results were derived from a healthcare system with universal coverage, a high level of access to care and free choice of physicians. Thus, it may not be generalizable to other healthcare systems with different structures.
Despite these limitations, our study has several strengths. First, to avoid time-dependent bias, we used robust analytic methods, calculating continuity using 1-year windows and using nationally representative cohort data with a high follow-up rate. Second, we were able to increase the homogeneity of our study sample by identifying newly diagnosed participants who received oral hypoglycemic medication at baseline. Third, we were able to adjust our models for laboratory variables, such as fasting blood glucose level (but not HbA1c), and lifestyle factors, such as smoking, drinking and physical activity, thus decreasing the potential for omitted-variable bias.
Conclusions
Our results support the hypothesis that improving COC can reduce preventable hospitalizations in patients with type 2 diabetes. Therefore, policymakers should recognize the need for an effective healthcare delivery system to prevent unnecessary hospitalization, to reduce costs due to discontinuity and to promote COC while improving the quality of care; such systems might Figure 2 Cumulative incidence of preventable hospitalization according to continuity level. *P-value < 0.001; reference group was COC scores = 1.0.
include an accountable care organization, which accepts financial responsibility and care accountability and at the same time increases the value of the healthcare system by reducing cost without worsening quality [49] . 
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